Background: The volume of various abdominal organs varies with age, height, weight and body mass index (BMI). Scanning of the viscera is carried out to know the normal dimensions and volumes. Studies have shown that the volume of pancreas is influenced by age, gender, ethnicity, weight, height and BMI. Organ volume and function reflect the health of the organs. Altered volume of pancreas is associated with infective, infiltrative, immunological, infestative and malignant conditions. Anthropometry varies with races and regions of the world. Specific ethnic population nomograms are needed for proper medical diagnosis and for monitoring disease progress.
INTRODUCTION
The volume of various abdominal organs varies with age, height and weight. Normal anatomic ranges should first be described in order to define pathological conditions and detect changes in size and volume of an organ. Computed tomography (CT) is known to be a reliable and accurate method for assessing volumes and sizes of the pancreas, spleen, kidney and other intra-abdominal organs, taking normal anatomical dimensions and
The dimensions of visceral organs like spleen, kidneys, liver and pancreas mentioned in anatomy books are generally the cadaveric dimensions which measure less than the dimensions of solid organs in living state. The morphology of visceral organs varies from person to person. The characteristics of abdominal organ volumes and sizes have potential clinical importance [1, 2] . establishing diagnosis [3, 4] . As the morphology differs regarding the race, therefore, a study on the pancreatic volumetry in Kashmiri subjects with no history of pancreatic diseases was undertaken. The study was conducted to assess the range of volume of normal pancreas in the adult Kashmiris using CT and to evaluate if the pancreatic volume is related to various demographic markers.
MATERIALS AND METHODS
CT scans, the following measurements (in centimetres) were taken: · Cranial-caudal (CC) dimensions of the body (CC body ) and head (CC head ) of the pancreas. CC diameters were calculated as a product of the number of sections on which particular part of the pancreas was identified, and the section thickness. · Anterior-posterior (AP) diameters of the tail (AP tail ) and body(AP body ) from the lineal vein to the anterior contour of the pancreatic body, and head (AP head ) at the level on which the pair of the superior mesenteric vein and artery is demonstrated. · Length of body and tail (LL body/tail ) as a maximal linear distance from the pancreatic neck to the tip of the pancreatic tail. · The pancreatic volume was computed by employing the following formula:
All statistical analyses were performed using SPSS 21.0 for Windows. Subject characteristics and results were reported as mean±SD. Correlation between organ measurements including pancreatic volume, age and BMI were studied by performing the Pearson Correlation. The strength of the correlation between organ volumes and the various parameters was considered significant at P value < 0.05
This study was conducted in the Postgraduate Department of Anatomy in collaboration with the Department of Radiodiagnosis and Imaging of Government Medical College and associated hospitals, Srinagar for a period of eighteen months. A total of 300 eligible subjects, 20-60 years old, were included in the study. It was a cross-sectional observational type of study and proper approval from institutional ethical committee was obtained. The subjects included in this study were of Kashmiri ethnicity.
Selection of patients was done as per following inclusion and exclusion criteria:
Inclusion criteria: The in and out -patients, of either sex, who after the routine clinical evaluation, were to undergo CT examination due to various indications for the abdominal CT. Only those CT images, which were declared as 'normal' by the radiologists were included in this study. Exclusion Criteria: Presence of either clinical or CT signs of any pancreatic or peri-pancreatic pathology, various pathological conditions affecting the adjacent organs (stomach, peritoneum or retroperitoneum) such as large tumours, fluid collections, massive lymph node enlargement with consecutive compression, infiltration or displacement of the pancreas, previous pancreatic surgery, difficult identification of pancreatic margins from the adjacent structures, history of Diabetes Mellitus, Malaria. Contrast Enhanced CT (CECT) examination of abdomen was done using Siemens Emotion 16 Slice Multidetector Spiral CT Scan at SMHS Hospital Srinagar. The data was meticulously chosen by the radiologists. Only those CT images, which were declared as normal by the radiologists were included in this study. After identification of normal pancreas and spleen on
The mean height of female subjects was 1.524±0.817 [1.2-1.7] m and for male subjects was 1.663± 0.081[1.4-1.9] m. The overall mean height of the study population was 1.59±0.10 m ( Table 1) PV = (AP tail + AP body ) / 2 x LL body/tail x CC body + (AP head /2) 2 x 3.14 x CC head [0.5-4.0] cm. The overall mean AP tail of the study population was 2.23±0.57cm (Table 6) The mean anterio-posterior length tail of pancreas (AP tail ) in females was 2.14±0.57 [0.5-3.5] cm and in males was 2.31±0.59 (Table 9 ). Mean pancreatic volume was higher in males than in females in our study population and the difference was statistically significant (p<0.05) for pancreatic volume (Table11) All the parameters used, except age, showed positive correlation with pancreatic volume which was statistically significant (P<0.05). Age also showed positive correlation but was statistically insignificant (P>0.05)(Table12). 
RESULTS

DISCUSSION
The characteristics of abdominal organ volumes and sizes have potential clinical significance. A change in volume of an organ is often either the predominant feature of a disease process or a secondary manifestation of pathology elsewhere e.g. pancreatic atrophy is associated with changes in exocrine functions [5, 6] . While the pancreatic neoplasm and the acute pancreatitis usually cause the focal or generalized enlargement of the pancreas, the chronic pancreatitis leads to decrease of pancreatic size and volume [7, 8] . In addition, reduction in the pancreatic volume in diabetic patients has been reported [9, [10] [11] [12] [13] . The volume of various abdominal organs varies with age, height and weight. Studies report increased pancreatic echogenecity with aging, suggesting the age-related fat accumulation and decline in glandular tissue in the pancreas [14] . Pancreatic size is a key parameter that is used in the experimental setting to assess pancreatic growth, development and recovery following injury [15, 16] . Pancreatic volume is very important in the evaluation of Protein Energy Malnutrition patients and can be used as a predictive parameter and any change in pancreatic volume may affect its function [17] . The volume of the pancreas increases with obesity and there is a relationship between BMI and pancreatic volume assessed by CT [9] . The use of CT imaging is receiving increasing attention to estimate pancreatic volume [6, 18] .. In vivo volume calculation of tumours also has clinical potential in radiation oncology. Due to precise definition of organ and tumour contours with cross-sectional CT and the ease of scanning these structures in their entirety, CT potentially offers the most accurate non-invasive means of estimating in vivo volumes [19] . The variation in the anthropometric features of various populations, races and regions is an established fact. In contrast to many previous studies which were mainly done on the foreign population, our data was obtained from subjects of Kashmiri ethnicity.
Our study comprised of 300 subjects between 20 and 60 years of age with 23.0% between 20 to 30 years, 23.6% between 31 and 40 years, 23.0% between 41 and 50 years and 30.3% between 51-60 years of age. Majority of the subjects were in the age group of 51-60years. As most of the visceral organs reach the adult size by the age of 18 years, pancreatic volume reaches a plateau from 20-60 years and then declines thereafter, so this age group was taken up for the study. The mean age was 43.32 years in total series. The mean age was more in other studies (Djuveric A [2], Caglar V [1, 20] ) due to the fact that in our study subjects of 20-60years only were included, while as in their studies older subjects were also included. However, little during 20-60 years of age in our study, which was compatible with the values reported in the literature [3, 23] . In our study the volume of the pancreas did not significantly correlate with age (r = 0.014, p = 0.804). Saisho et al [9] found that the volume of the pancreas was not age-dependent within 20-60 years, yet in older individuals the PV gradually decreased as age increased. Djuveric A et al 3 and Caglar V et al [23, 37] also did not find statistically significant correlation between the volume of the pancreas and the age of the individuals. The average pancreatic volume was significantly higher in males (121.18±33.73cm 3 ) than in females (110.20±32.80cm 3 ) (t = 2.864, df = 299, p = 0.004) in our study. Our results are very similar to those in literature [3, 5, 9, 23, 28] . Such correlation probably resulted from the anthropometric variations between males and females. Organ volume is usually associated with weight and height [28] . We found a significant correlation between pancreas volume and weight(r = 0.369, p = 0.000), height(r = 0.266, p = 0.000) and BMI(r = 0.196, p = 0.001). Sheikhazadi et al 20 2010 reported a correlation between PV and BMI only in women. Other studies demonstrating the relationship between PV and weight, height and BMI are also available [9, [11] [12] [13] 23, 27, 29] . The presence of a significant relationship between PV and BMI suggests an effect of obesity on the pancreatic volume. The fact that PV is greater in obese persons may be due to an increase in the pancreatic fat rather than an increase in the pancreatic parenchyma [9] . This is further supported by the study of De La Grandmaison et al [28] 2001 who reported that the degree of pancreatic lipomatosis was significantly associated with age and overweight. This condition is more compatible with the prevelance of diabetes in obese people. Pancreatic volume positively and strongly correlated (p = 0.000) with all the diameters of the pancreas that were measured by CT imaging. All measured diameters of the pancreas were longer in males than in females. Similar results were reported by Djuveric A et al [3] .
The potential limitations of this study include that the data cannot be generalized as this study included only subjects from an ethnic there was no statistically significant difference between the mean ages of males and females, hence, these two groups were comparable. Our study group had 149(49.6%) males and 151(50.3%) females. Caglar V et al [20, 21] and Djuric-Stefanovic A et al [2] [22] 1986 which is almost thrice as less as in our study. Small sample size, older generation of CT equipment and possible demographic variations may be reason for such difference. Geraghty et al [5] 2004 reported that the mean PV in their CT based series of 113 individuals was 64.4±18.1cm 3 and 87.4±21.3cm 3 for females and males, respectively, with a range from 22.4 to 136.6cm 3 . The latest available study of Saisho et al [9] 2007 with the largest series of 1721 adult individuals, reported the mean PV of 72.4±25.8cm 3 (85.2±26.9cm 3 and 63.0±20.5cm 3 for male and female groups respectively). These values are moderately less than those reported in our study. Williams et al [24] 2007 reported an average PV of 101±19.5cm 3 which is quite similar to our study. The differences might be explained due to differences of the number, mean age and gender of the individuals enrolled in the study and regional differences between populations. We think that autopsy studies are insufficient to explain the relation between PV and age because of small number of cases, lack of classification of age groups and absence of clinical history with regard to pancreatic pathologies. The pancreatic volume changed population, but our study was designed to formulate the data for this population only.
CONCLUSION
In conclusion, this study was conducted to establish a local reference of values for the pancreatic volume of the Kashmiri adult population. Nomograms from this data can be used locally for Kashmiri ethnic population to allow clinicians to estimate more accurately the degree of atrophy or hypertrophy of organs in certain disorders and thus, avoid false positive and false negative diagnosis of pathological enlargement or reduction of spleen in clinical practice.
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